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Previous analyses of the selective forces operating on al¬ 
lorecognition systems in colonial marine invertebrates have 
suggested that advantages to fusion with kin have selected 
for the ability to recognize and fuse with related colonies. 
While this explanation is compatible with the ohscnation 
of aggregated settlement of fusible larvae in an ascidian 
species, it is not compatible with two other prominent fea¬ 
tures of allorecognition systems—the extensive allorecog¬ 
nition allele polymorphism commonly observed in natural 
populations and the recently reported instability of chimeric 
colonies. We suggest that selection for fusion with self 
rather than fusion with kin, offers a more parsimonious 
explanation for the two features listed above. Consequently, 
self fusion may be a major selective force acting on allo¬ 
recognition systems in colonial invertebrates. 

Colonial marine invertebrates typically possess allore¬ 
cognition systems that control fusion and rejection among 
conspecific colonies, and such systems are either known 
or expected to be genetically based (1). The broad distri¬ 
bution of allorecognition in colonial taxa and the parallels 
between invertebrate allorecognition and the vertebrate 
immune system have spawned considerable interest in 
the evolution of allorecognition systems. Previous analyses 
of the selective forces at work in allorecognition systems 
have suggested that allorecognition mediates the costs and 
benefits of fusion with conspecifics (1, 2). Fusion with 
conspecifics is expected to confer benefits by increasing 
the size of the resulting chimeric colony (1-3), which in 
turn decreases the susceptibility of a colony to the impact 
of ecological processes and increases colony reproductive 
output (4-7). However, potential costs are incurred in 
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chimeric colonies as well. Because all genotypes in a chi¬ 
mera have access to the production of gametes (4), one 
genotype can functionally parasitize other members of 
the chimera by contributing disproportionately to gamete 
production (somatic cell parasitism) (4, 8). Allorecognition 
systems are thus thought to function to limit fusion to 
close relatives, so that the benefits of fusion can be ac¬ 
quired while the potential costs are reduced (2). By re¬ 
stricting fusion to close relatives, allorecognition systems 
may constrain somatic parasitism to benefit a relative of 
the victim, hence reducing the negative effect of parasitism 
on a victim’s fitness via a positive effect on inclusive fitness 
{i.e., kin selection) (2). 

Fusion with kin is a well-documented event, and hence 
kin selection is certainly a potential force acting on allo¬ 
recognition systems. However, we will argue that there is 
an additional selective force at work, with the genetic in¬ 
dividual as the target of selection, that is more likely to 
explain two important features of allorecognition systems. 
Although our argument is applicable to most colonial taxa, 
we will focus our discussion on botrylloid ascidians and 
hvdractiniid hydroids, the two groups for which the most 
complete genetic and mechanistic data on allorecognition 
are currently available. 

At the heart of the kin selection argument are the an¬ 
ticipated costs and benefits of fusion. We agree completely 
with this assessment of costs and benefits, but suggest that 
allorecognition plays a different role as well—to permit a 
colony to obtain the benefits of fusion (increased colony 
size) while completely eliminating the potential costs (so¬ 
matic cell parasitism). We suggest that rather than simply 
reducing the potential cost of somatic cell parasitism by 
limiting fusion to close kin, selection favors colonies that 
avoid these costs altogether by recognizing and fusing with 
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themselves (self fusion). Although fusion between kin oc¬ 
curs, such events may simply represent mistakes in rec¬ 
ognition due to the limitations of an imperfect system. If 
kin fusion events are artifacts of allorecognition, kin se¬ 
lection need not provide the dominant selective force 
shaping allorecognition systems. Note that selection for 
both self and kin fusion is generated by the potential for 
somatic cell parasitism. While fusion with kin will limit 
this cost, fusion with self will prevent it altogether. 

Why would autogeneic fusion (fusion with the same 
genotype; i.e., self fusion) be selectively favored? Frag¬ 
mentation is an ubiquitous feature of colonial inverte¬ 
brates, both through controlled fission and as a result of 
extrinsic disturbance (9, 11). Surviving colony fragments 
are likely to re-encounter their own genotype upon sub¬ 
sequent growth and lateral expansion. If no mechanism 
for self recognition exists, the subdivided colony will 
compete with itself for space. Hence, autogeneic fusion 
between colony fragments confers the advantages both of 
an increase in size, as previously cited, and a release from 
unnecessary competition. 

While fragmentation and subsequent re-contact is likely 
to be a major source of autogeneic fusion, self fusion is 
common under other circumstances as well. Many co¬ 
lonial invertebrates (including botrylloid ascidians and 
hydractiniid hydroids) grow as epibionts on three-dimen¬ 
sional substrata. Consequently, the grow ing margins of a 
colony frequently encounter self upon wrapping around 
the substratum. Even if physiological integration is main¬ 
tained throughout the intervening regions of the colony, 
the marginal tissue is confronted with a recognition prob¬ 
lem. As in the case of fragmentation, these contacts impose 
a recognize-or-compete constraint on the colony. In both 
of these scenarios, autogeneic fusion confers the ecological 
benefits of fusion without the potential costs of allogeneic 
fusion (fusion with other genotypes; generally kin fusion). 

Early work on the population structure of corals and 
sponges employed allorecognition as an assay of genetic 
identity and hence explicitly assumed that fusion only 
occurred among colonies derived from the same genotype 
(i.e., that all fusion events were autogeneic) (12-14). These 
studies were criticized for failing to provide adequate in¬ 
dependent verification of genotypic identity (15), and fur¬ 
ther work suggested that some fusion events were indeed 
allogeneic (16, 17). The subsequent focus on the existence 
of allogeneic fusion may have drawn attention from the 
potential for autogeneic fusion in nature. While the ex¬ 
plicit assumption of a correspondence between fusion and 
genetic identity may not have been valid, the implicit as¬ 
sumption that allorecognition systems served to permit 
fusion with self may well have been accurate. 

To this point, we hope that we have established that 
the need to recognize and fuse with self theoretically pro¬ 
vides a strong selective force on allorecognition systems. 


In further evaluating the relative impact of selection for 
kin and self fusion, we will discuss the compatibility of 
these different selective forces with three documented fea¬ 
tures of allorecognition systems in botrylloid ascidians 
and hydractiniid hydroids—the extreme polymorphism 
of allorecognition alleles, the instability of chimeras 
formed by the fusion of related colonies, and the aggre¬ 
gated settlement of fusible larvae. 

High levels of allotype diversity are a prominent feature 
of allorecognition systems in most colonial taxa (1). In 
botrylloid ascidians, where the genetic mechanism of al¬ 
lorecognition is known, allotype diversity is generated by 
extensive allorecognition allele polymorphism, with the 
number of alleles detected in natural populations ranging 
from 40 to 100 (1, 11, 18-20). While the genetics of al¬ 
lorecognition in hydractiniid hydroids has yet to be fully 
resolved (21,22), fusion events and chimeric colonies ap¬ 
pear to be very rare in natural populations (23), suggesting 
a similarly high level of allele polymorphism. 

Several authors have noted that kin selection does not 
provide an obvious explanation for high allotype diversity 
(1, 18, 24, 25). For high levels of polymorphism to occur, 
alleles must increase in frequency when rare. However, 
kin selection is likely to lead to the elimination of new 
alleles, because rare alleles will be involved in few, if any, 
fusion events (25). Consider the case of an hypothetical 
new allele arising by mutation. This allele confers no im¬ 
mediate advantage through kin selection, as kin fusion 
events attributable to this allele are not possible. Selection 
cannot favor the allele until it has already increased in 
frequency to the point where kin fusion events are likely 
to occur. Hence, any new allele is at a selective disadvan¬ 
tage relative to established alleles and is likely to be elim¬ 
inated. Population models based on the costs and benefits 
of kin selection (though not explicitly modeling selection 
at two levels) predict that the initially most frequent allele 
will quickly increase to fixation in a population (25). 

A closely related problem is that in order for the prem¬ 
ises of kin selection to be valid, allotype must indicate the 
degree of relatedness between colonies. However, the pos¬ 
session of a given allorecognition allele is indicative of 
relatedness only when that allele is rare (25). As an allele 
increases in frequency, colonies that share this allele are 
less likely to have inherited it from a recent common 
ancestor. The sharing of a common allorecognition allele 
is thus a very poor assay of relatedness. As an allele be¬ 
comes common, fusion will occur between less related 
genotypes, leading to the costs of somatic cell parasitism. 
Due to the failure of alleles to increase when rare and to 
convey accurate information on relatedness, the obser¬ 
vation of high levels of polymorphism at allorecognition 
loci in natural populations is difficult to reconcile with 
kin selection. 
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The assumption of a selective advantage to self fusion 
rather than kin fusion alters the selective regime on al¬ 
lorecognition alleles to simple frequency-dependent se¬ 
lection. Rare alleles are at a selective advantage due to a 
greater potential to correctly identify self, while common 
alleles are at a selective disadvantage due to the propensity 
to incorrectly identify allogeneic colonies as self. 1 hese 
recognition errors incur for the bearer colony the potential 
costs of fusion (/>., somatic cell parasitism). Consider 
again a new allele arising by mutation. This allele is ini¬ 
tially at a selective advantage, as it can be responsible only 
for autogeneic fusion events and not for accidental allo¬ 
geneic events. As the allele increases in frequency, the 
incidence of allogeneic fusion will also increase, and se¬ 
lection on the allele via somatic parasitism will operate 
in the opposite direction, preventing the allele from 
reaching fixation in the population. 

As a consequence of frequency-dependent selection, 
high levels of allele polymorphism are expected in pop¬ 
ulations (26). In addition to preserving new alleles that 
enter the population by chance, frequency-dependent se¬ 
lection may indirectly increase the rate at which new alleles 
are generated. Frequency-dependent selection could favor 
alleles at modifier loci that generate new alleles at the 
target locus by two different mechanisms. Modifier alleles 
could increase either mutation rates in the gene coding 
for allorecognition (27) or recombination rates within this 
gene sequence (intragenic recombination) (28). Although 
frequency-dependent selection has previously been rec¬ 
ognized as the most likely explanation for high allorecog¬ 
nition allele diversity (1). an ecological scenario that gen¬ 
erates frequency-dependent selection has been lacking. 

In the colonial ascidian Botryllus schlosseri. chimeras 
formed by the fusion of two colonies of different genotype 
(allogeneic fusion) eventually terminate in either the ab¬ 
sorption of one colony by the other or the separation of 
the two colonies, often accompanied by the death of one 
(29-31). Although initially noted in cases where the fusing 
colonies shared only one allorecognition allele, this result 
also occurs when both allorecognition alleles are shared 

(32) . This phenomenon is not restricted to ascidians; a 
high percentage of allogeneic chimeras of the colonial hy- 
droid Hydractinia symbiolongicarpits are also unstable 

(33) . The break-up of chimeras in this species is linked to 
the onset of reproduction, further suggesting that recog¬ 
nition decisions are impacted by the potential for somatic 
cell parasitism (33). 

The observation that most chimeras formed by kin fu¬ 
sion are unstable and temporary is clearly not compatible 
with a system dominated by kin selection. Few benefits 
are likely to be received by the participating colonies dur¬ 
ing a short association, and the ultimate result is generally 
deleterious to at least one of the participating colonies 
(29-31). In fact, the negative consequences of kin fusion 


might be expected to select against the very existence of 
an allorecognition system. Such a system would only be 
maintained if selectively favored for other reasons; i.e., 
the selective advantages to self fusion. 

Larvae of B. schlosseri settle in proximity to both larvae 
and adult colonies with which they share an allorecog¬ 
nition allele and hence can fuse upon subsequent growth 
and contact (34). In contrast, //. symbiolongicarpus larvae 
settle at random with respect to fusible adults and larvae 
(35). Larval settlement as a function of future fusibility 
is the sole observation that we are aware of that is con¬ 
sistent with kin selection but not with the selective pressure 
of self fusion. If fusion with relatives is beneficial and 
favored by selection, then the ability to exploit this in¬ 
formation at the time of settlement will also be favored. 
Conversely, selection for self fusion will not generate se¬ 
lection for recognition at the larval stage (except perhaps 
to avoid settlement near fusible larvae and adults). 

Hence, allorecognition systems in botrylloid ascidians 
and hydractiniid hydroids demonstrate features that may 
have been shaped by the selective pressures of both fusion 
with kin and fusion with self. Because the aggregation of 
fusible larvae is absent in hydractiniid hydroids, this family 
appears to display mainly the effects of selection for self 
fusion. However, data on botrylloid ascidians provide 
support for both hypotheses. This is not a surprising result, 
as these two selective forces are not mutually exclusive 
and their relative impact may vary among taxa. A more 
rigorous evaluation of these two hypotheses will require 
further data on the costs, benefits, and, especially, the 
relative frequency of self and kin fusion. For the moment, 
we suggest that current data are at least as consistent with 
the selective pressures generated by self fusion as they are 
with kin selection. 

The resolution of the issue of the selective forces op¬ 
erating within allorecognition systems has additional im¬ 
plications on our understanding of evolutionary processes. 
Selection has come to be viewed as a force that operates 
on many different biological levels, leading some to suggest 
that the major features of biological organization are es¬ 
tablished during transitions in levels of selection (8, 36). 
In this light, kin selection has provided a justification for 
the suggestion that allorecognition systems function to 
mediate and control conflict between two different levels 
of selection, the genotype and the colony (3). If selection 
is found to occur predominately at the individual level, 
then allorecognition should be viewed in a very different 
light, as a system that attempts to restrict selection to a 
single level by maintaining synonomy between genotype 
and colony. A logical extension of this perspective suggests 
that new biological systems may arise not only to accom¬ 
modate and organize new levels of selection, but also to 
hinder hierarchical expansion. 
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